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A STUDY OF EXPERIMENTAL TECHNIQUES 
FOR 
PREALIGNING AND CLAMPING INERTIAL 
MEASUREMENT SENSORS WITHOUT MAJOR 
SYSTEM RECALIBRATION 
Allen -E. Armstrong, and Dikrun DerMarderosian 
Foster-  Miller Associates,  Inc. 
Waltham, Massachusetts 
SUMMARY 
Strapdown i n e r t i a l  guidance systems .would o f f e r  s i g n i f i c a n t  advantages 
over gimballed systems if t h e  sensor elements could be preal igned and re- 
placed i n  t h e  f i e l d  without subsequent adjustment and/or v e r i f i c a t i o n .  
The objec t ive  of t h i s  e f f o r t  was t o  study techniques f o r  prea l ign ing  
and clamping i n e r t i a l  censors.  This included the  design and f ab r i ca t ion  
of a highly accurate  and s t a b l e  clamping system t o  hold the  sensor,  and 
associated tes t  hardware. 
t e s t  plan t o  def ine  f a c i l i t y  requirements and t e s t  procedures. Additional 
e f f o r t  was t o  be devoted t o  monitoring of t he  t e s t s  ( t o  be conducted by 
NASA-ERC), r e so lu t ion  of t h e  t e s t  d a t a  and recommendations f o r  design 
changes t o  improve t h e  performance of t he  clamp system. 
Also included was t h e  prepra t ion  of a d e t a i l e d  
The clamping system design was t o  include var ious i n t e r f a c e s  f o r  pre- 
a l ign ing  and mounting t h e  sensor assembly. 
clamp i n t e r f a c e s  f o r  preal igning t h e  sensor and two f ixed  clamp i n t e r f a c e s  
f o r  p rec i se  f i e l d  replacement were t o  be evaluated. 
Three interchangeable ad jus tab le  
Changes i n  the  scope of e f f o r t  and fund l imi t a t ions  r e su l t ed  i n  the  
design of  only one ad jus tab le  clamp i n t e r f a c e  and two f ixed  clamp i n t e r -  
faces. 
f i n a l  phases of  e f f o r t  which inc luded ' f ab r i ca t ion ,  t e s t  monitoring and 
evaluat ion o f  t h e  system performance. 
Reducation i n  scope of e f f o r t  a l so  precluded t h e  completion of t h e  
The r e s u l t s  presented i n  t h i s  r epor t  include a b r i e f  descr ip t ion  of t h e  
b a s i c  systems considered, t h e  de t a i l ed  design of a prototype sensor - clamp 
as.sembly, with associated t e s t  hardware, a descr ip t ion  of t h e  var ious assembly 
components and t h e i r  s a l i e n t  design f ea tu res  and a d e t a i l e d  , step-by-step 
t e s t  p lan  def ining f a c i l i t y  requirements and tes t  procedures. 
The design of t h e  sensor-clamp assembly was s u f f i c i e n t l y  analyzed t o  
assure  a high p robab i l i t y  of successful  performance and t h e  d e t a i l e d  s t eps  
out l ined  i n  t h e  t e s t  p lan  should promote the  recovery of accurate  and useful  
da t a  f o r  evaluat ion.  
1 
It i s  recommended that the  government fabricate and tes t  t h e  proposed 
system t o  evaluate  the practi.Gabi.li.tr of using f i e l d  replaceable  strap-down 
sensors  without r eca l ih ra t ipn .  
INTRODUCTION 
Strapdown i n e r t i a l  guidance systems o f f e r  s i g n i f i c a n t  advantages over 
gimballed systems. 
i f  t h e  sensor elements could be preal igned and replaced i n  t h e  f i e l d  without 
subsequent adjustment and/or v e r i f i c a t i o n .  
The economic advantages, however would be g r e a t l y  improved 
The objec t ive  of  t h i s  study was experimental evaluat ion of techniques 
f o r  prea l ign ing  and clamping i n e r t i a l  sensing u n i t s .  
be  achieved by a program of  ana lys i s ,  design, f ab r i ca t ion  and t e s t i n g  of a 
t es t  clamp c lose ly  simulating an ac tua l  sensor clamp, 
been designed and v e r i f i e d  a n a l y t i c a l l y  and the de ta i l ed  t e s t  plan developed, 
t h e  study was terminated. 
This ob jec t ive  was t o  
When the  t es t  clamp had 
The b a s i s  f o r  t h e  reported e f f o r t  was es tab l i shed  i n  a r epor t  of 
September 1968 e n t i t l e d ,  Development of Optimum Clamp Combinations f o r  
Strap-down I n e r t i a l  Measuring Units with F ie ld  Replaceable Sensors. 
The previous study included de ta i l ed  ana lys i s  of  t he  f a c t o r s  a f f e c t i n g  the  
f e a s i b i l i t y  o'f strap-down sensor and clamp assemblies. 
clamping systems were conceived and served as the  models f o r  t he  experimental 
techniques considered i n  t h i s  study. 
Several  sensor 
The tes t  clamp assembly i s  described i n  the  "Description of t h e  System" 
sec t ion .  
"Description o f  the  Clamp Design" sec t ion  along with t h e  s a l i e n t  technica l  
b a s i s  f o r  t h e  major design decis ions.  Final ly ,  our conclusions and 
recommendations as a r e s u l t  of t h e  work done t o  da t e  are given. The 
spec i f i ca t ions  used as performance goals a r e  l i s t e d  i n  Appendix A. 
A more de ta i l ed  descr ip t ion  of t he  clamp design is given i n  the  
DESCRIPTION OF THE SYSTEM 
The b a s i c  system under considerat ion i s  shown i n  Figure 1. An i n e r t i a l  
The sur faces  of t h e  
measurement u n i t  (IN) permanently aff ixed t o  t h e  vehic le  framework serves  
as the  mounting block f o r  a number of i n e r t i a l  sensors .  
1 
Prepared under NASA Contract No. NAS 12-591 
2 
c 
Block 
. I  Adjustable 2 
C 1 amp 
- 
Input Axis  
Figure 1. Schematic of Strapdown Inertial Measuring Unit (I.M.U.) Showing Clamps 
I” 
DIU block a r e  accurate1y.machined and serve as the  primary i n t e r f a c e  f o r  
alignment of t h e  Input Axis CIA) of the sensors.  An adjus tab le  clamp i n t e r -  
face is  incorporated in the sensor clamp assembly t o  allow prealignment of t h e  
I A  with respec t  t o  t h e  lower surface of t h e  assembly (fixed clamp in t e r f ace )  
i n  the  laboratory.  Upon f i e l d  replacement the  f ixed  clamp surface i s  attached 
t o  t h e  IMU block t o  e s t a b l i s h  the  f ixed clamp i n t e r f a c e  and a l ign  t h e  sensor 
I A  without addi t iona l  adjustment. 
alignment was considered the  most f e a s i b l e  approach from the  s tandpoints  of 
s ta te-of- the-ar tmachining c a p a b i l i t i e s ,  ease of f i e l d  replacement and cos t .  The 
inc lus ion  of d i r t  o r  dust  a t  the  f ixed  clamp in t e r f ace ,  however, would cause gross 
misalignment of t h e  sensor axes. 
(1) t o  provide rough but  nevertheless  f l a t  and accurate  surfaces  
This "plane-on-plane" concept f o r  f i e l d  
Two concepts f o r  t h e  elimination of  d i r t  inc lus ion  e f f e c t s  have been 
considered: 
a t  t h e  f ixed  clamp i n t e r f a c e  and t o  mate the  sur faces  with a wiping ac t ion  
(s imilar  t o  t h e  wringing of gage blocks) t o  force  d i r t  p a r t i c l e s  i n t o  t h e  
surface va l l eys ,  and (2) t o  deposi t  a t h in ,  extremely uniform, s o f t  coating 
(possibly gold o r  lead) t o  one of t h e  i n t e r f a c e  surfaces  and br ing  t h e  
surfaces together  with no wiping, forcing the  p a r t i c l e s  i n t o  t h e  s o f t  
coating. 
In  addi t ion  t o  t h e  f ixed  clamp concepts above, t h ree  ad jus tab le  clamp 
concepts were considered f o r  preal igning t h e  sensor i n  the  laboratory.  
concept employed replaceable  gage elements a t  t h ree  locat ions f o r  a purely 
s e l e c t i v e  f i t  adjustment technique. The second incorporated th ree  com- 
p res s ib l e  columns which were adjusted t o  var ious compressed heights  and 
r e su l t ed  i n  a purely material-deformation technique. The l a s t  u t i l i z e d  
s l i d i n g  wedges t o  ad jus t  t h e  height  o f  t h ree  legs  of t h e  clamp f o r  a purely 
mechanical-alignment technique. Figures 2, 3 and 4 show schematically t h e  
th ree  ad jus tab le  clamp concepts considered. 
One 
Due t o  t h e  fundamental d i f fe rences  between the  adjustment concepts, 
experimentation with each would y i e ld  important da ta  f o r  t h e  determination 
of optimum techniques.  I t  was decided, however, t h a t  s i g n i f i c a n t  i n s igh t  
i n t o  the  problems associated with each technique would evolve during 
experimentation with one configuration. 
f o r  i n i t i a l  design and preliminary t e s t i n g  before designing t h e  o thers .  The 
design does, however, provide in t e r f aces  t o  allow incorporat ion of t he  o ther  
two techniques without major expense. 
The t r ave r se  wedge system was chosen 
DESCRIPTION OF THE CLAMP DESIGN 
The sensor clamp described i n  t h i s  repor t  i s  a combination of two 
clamps. 
t h e  input a x i s  (IA) of t h e  sensor. The f ixed clamp permits separat ion and 
f i e l d  replacement of t he  sensor and 'ad jus tab le  clamp on t h e  IMU. 
two clamps loca tes  t h e  I A  i n  two angular degrees of freedom and the output 
ax i s  (OA) i n  t h e  remaining angular degree of  freedom. Each clamp cons is t s  of 
one o r  more in t e r f aces  and means o f  applying s u f f i c i e n t  clamping pressure t o  
maintain contact a t  the  in t e r f aces :  
w i l l  f a c i l i t a t e  understanding of  t h e  following discussion. 
The ad jus tab le  clamp employs s l i d i n g  wedges t o  permit adjustment of 
This s e r i e s  of 
Reference t o  t h e  design layout,  Figure 5, 
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Figure 2. Selected F i t  Adjustment Using Precision Gage Elements 
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The f ixed  clamp has in te r f aces  with t h e  IMU block a t  1) the top  sur face  
of t h e  IMU block and, 2)  sur faces  of the 3 loca t ing  p ins  permanently 
pressed i n t o  the  IMU block. 
i n t e r f a c e s  b y  t h e  3 b e l l e v i l l e  washer s t acks  and t h e  3 spr ing  c l i p s  ( 7 ) .  
The remaining p a r t s  are p a r t  of the adjus tab le  clamp. 
simpler,  however, t o  descr ibe  t h e  clamps i n  terms of input  and output  
ax i s  loca t ion  funct ions.  
Contact pressure  i s  maintained a t  t hese  
It i s  conceptually 
Input Axis Location. - - The input  ax i s  of t he  sensor i s  des i red  t o  9e 
perpendicular t o  the  top sur face  of t h e  IMJ block. 
is  es tab l i shed  by th ree  sensor l e g s  above the  IMU block surface.  
ment of t h e  s t ack  he ights  by l a t e r a l  motion of t h e  wedges (3) ad jus t s  tilt 
of t h e  I A .  Three l e a f  spr ings  (11) ac t ing  on spr ing  pads (13) provide, 
contact  pressure  on t h e  s tacks .  
by s e l e c t i o n  of t h e  spher ica l  gage block (4) t o  br ing  the  s t ack  he ight  
within .0005 of t h e  o thers .  A more d e t a i l e d  d iscuss ion  of I A  alignment 
problems and so lu t ions  follows. 
This perpendicular i ty  
Adjust- 
Rough adjustment of s t a c k  height  i s  achieved 
Fixed Clamp In t e r f ace  - - The f ixed  clamp i n t e r f a c e ,  a t  which 
separa t ion  occurs f o r  sensor replacement, cons i s t s  of t h e  t h r e e  pads on 
t h e  lower s i d e  of t h e  f ixed  clamp r i n g  (2) contact ing t h e  upper sur face  
of t h e  IMU block (1). 
under non-clean condi t ions i n  the  f i e l d ,  inc lus ion  of d i r t  i n  t he  i n t e r -  
f ace  i s  a problem. 
cause a 3 s e c  e r r o r  i n  I A  alignment. To a l l e v i a t e  t h i s  problem t h e  lower 
sur face  of t h e  f ixed  clamp r ing  (2) was purposely l e f t  somewhat rough a t  
32 microinch r m s .  
clamp i n t o  pos i t i on  on t h e  IMU block, d i r t  on t h e  order  of one micron 
may be swept i n t o  t h e  va l l eys  of t h e  sur face  roughness. 
p a r t i c l e s  must be wiped from the  sur faces  p r i o r  t o  emplacement of t h e  
f i x e d  clamp. 
Since t h i s  i n t e r f a c e  w i l l  be separated and re jo ined  
A hard d i r t  p a r t i c l e  one micron i n  diameter could 
If a wiping r o t a t i o n  i s  used i n  br inging t h e  sensor/  
Larger d i r t  
By coa t ing  t h e  lower sur face  of t h e  f ixed  clamp r i n g  (2) with 
a t h i n  (.001) l aye r  of a s o f t  metal such as gold, an a l t e r n a t i v e  method 
of d i r t  cont ro l  may be s tudied.  
wiping would force  t h e  d i r t  p a r t i c l e s  i n t o  the  s o f t  metal coat ing,  
miniminzing t h e i r  e f f e c t  on alignment. 
t h i n ,  ove ra l l  s t i f f n e s s  i s  not appreciably a f fec ted  even though e l a s t i c  
modulus of t he  coat ing i s  r e l a t i v e l y  low. 
Direct  placement of t h e  clamp with no 
Because t h e  coat ing i s  extremely 
Fixed Clamp Contact Pressure.  - - Contact pressure  a t  t h e  f ixed  
clamp i n t e r f a c e  i s  maintained with 10% of a nominal 130 l b .  t o t a l  by 
th ree  s tacks  of b e l l e v i l l e  washers re ta ined  by th ree  shoulder screws. 
This clamp fo rce  is  cont ro l led  i n  order  t o  prevent d i s t o r t i o n  of t h e  
f ixed  clamp r i n g  by excessive o r  uneven clamp pressure .  S t r e s s  con- 
d i t i o n s  i n  t h e  f ixed  clamp r ing  and t h e i r  implicat ions on b e l l e v i l l e  
s t ack  loca t ion  a r e  analyzed i n  t h e  Data Package submitted under separa te  
cover. Adjustment of clamping pressure i s  made by adding o r  sub t r ac t ing  
one b e l l e v i l l e  washer from the  nominal eleven washers per  s tack .  
130 lb .  t o t a l  contact  pressure  was se lec ted  t o  prevent separat ion of  
t h e  f ixed  clamp i n t e r f a c e  under a 50g v e r t i c a l  shock. 
The 
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The shoulder screws ( 1 s ]  perform only t h e  funct ion of loading t h e  
b e l l e v i l l e  washers. 
r i n g  (2) t o  a l low this r i n g  t o  be located so le ly  by i t s  bol ted  connection 
'(by T b o l t s  (10) ) t o  t h e  gu ide - r ing  (6).  The l a t e r a l  loca t ion  of t h e  
f ixed  clamp r i n g  i s  unimportant, as long as it does not  change a f te r  
a d j us  tment . 
They are given s u f f i c i e n t  c learance i n  the  f ixed clamp 
Adjustment Wedge. - - The I A  adjustment s tack  above t h e  i n t e r f a c e  
a t  t h e  I M U  blocks sur face  cons i s t s  of t h e  f ixed clamp r i n g  (2), t h e  adjust-  
ment wedge (S), the  sphe r i ca l  gage block (4), and t h e  sensor  l e g  (14), 
containing t h e  socket f o r  t h e  spher ica l  gage block. 
. This s t ack  was designed as s h o r t  as poss ib le  t o  minimize thermal 
growth d i f fe rences  i n  t h e  t h r e e  s tacks  as a r e s u l t  of temperature gradients .  
Each adjustment wedge i s  tapered .004 per  inch,  and moves 0.20 inch 
The des i red  ad jus t -  
r a d i a l l y ,  giving a s t a c k  height  d i f fe rence  of .008 as the  range of wedge 
adjustment. 
ment range of 25 arc minutes i s  achieved by s e l e c t i n g  one of 32 sphe r i ca l  
gage blocks as a rough adjustment. 
screw (15) r o t a t i o n  per  arc second of IA motion. Resolution of this adjust-  
ment is, however, l imi ted  by s t i c k - s l i p  f r i c t i o n  i n  t h e  wedge, spher ica l  
block and seat in t e r f aces ,  and i s  0.4 arc second f o r  a f r i c t i o n  co- 
e f f i c i e n t  of 0.2.  
This is  equivalent  t o  1 . 2  a r c  minutes. 
Adjustment gain i s  7 O  of adjustment 
Spherical  Gage Block. - - The spher ica l  gage block (4) was included 
i n  the  adjustment s tack  t o  permit small angular changes i n  I A  tilt r e l a t i v e  
t o  the  wedge sur faces ,  while d i s t r i b u t i n g  t h e  sensor support load over a 
la rge  enough area  t o  keep contact  s t r e s s  below t h e  micro-yield stress. 
c lose  f i t  between the  b a l l  and socket cav i ty  i s  necessary t o  keep t h e  
Hertz contact  s t r e s s  low. 
and .0001 inch diameter d i f fe rence  t o  prevent t oo  low a l a t e r a l  resonant 
frequency and t h i s  was s u f f i c i e n t  from a s t r e s s ' s t andpo in t .  
A 
The r a d i a l  f i t  was required t o  be between zero 
Clamping Load. Clamping load of 1 7  pounds per  adjustment s t ack  i s  
When d i f f e r e n t  gage b a l l s  
provided by t h e  leaf  spr ings  (11) which keep t h e  load constant wi th in  
+ 5% over t h e  adjustment range of t he  wedge. 
a r e  inseyted,  t h e  c a s t l e  nu ts  (12) a r e  turned one f l a t  (1/6 tu rn)  f o r  
each .003 inch change i n  gage block thickness .  The l e a f  spr ings  are de- 
signed f o r  quick removal by depressing t h e  "keyhole" end .020 inch t o  clear 
t h e  groove i n  the  T-bolt (10) and then s l i d i n g  t h e  spr ing  out  of engage- 
ment a t  i t s  forked end. 
- 
The load b a l l s  (13) are intended t o  minimize the moments exerted on 
the sensor l eg  by spr ing  contact  eccen t r i c i ty .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Dummy Sensor Configuration. -- The sensor block i s  not  intended t o  
t o  represent  the  physical  configurat ion of any ava i l ab le  i n e r t i a l  sensor,  
but  i s  intended t o  be the  most r i g i d  configurat ion supporting the  th ree  
sensor legs ,  having i t s  center  of mass i n  the  plane of t he  gage b a l l s .  
The dummy sensor  is  viewed as  a t e s t i n g  f i x t u r e  which permits accurate  
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determination of t h e  clamp alignment c a p a b i l i t i e s ,  unohscured by d i s t o r t i o n s  
i n  the sensor .  
sensor would approach the  r i g i d i t y  and symmetry of t h e  dummy sensor.  
i n  fact  highly l i k e l y  that a r e a l  sensor  would have more d i s t o r t i o n  than the  
rest of the clamp. 
strapdown gyro sensor/clamp u n i t ,  but  t h e  present  task i s  l imi ted  t o  clamp 
evaluation; thus t h e  s e l e c t i o n  of  a r i g i d  block dummy sensor.  
It i s  important t o  no te  that i t  is  un l ike ly  t h a t  any r e a l  
I t  i s  
This may impose severe  l imi t a t ions  on t h e  accuracy o f  any 
Adjustment Screws. - - To prevent b lacklash  i n  t h e  wedge ad jus t ing  screw 
(15) which would introduce unwanted changes i n  I A  alignment, the threads are 
lapped threads ,  t o  a backlash of .OOOl/.OOOS inch giving a 0 .2  s e c  shift 
maximum as the  wedge moves within t h e  backlash zone. Anti-backlash spr ings 
were no t  employed because of a lack of space. 
r i n g  i n t e r f a c e  is prevented by the  loading spr ing  (5) which has an aper ture  
f o r  i n s e r t i o n  of t h e  wrench t o  tu rn  t h e  adjustment screw (15). 
load a l so  serves  t o  lock t h e  screw (15) aga ins t  r o t a t i o n  under v ib ra t ion  con- 
d i t i o n s ,  
Backlash i n  the  screw-to-guide 
T h i s  spring- 
OUTPUT AXIS LOCATION 
The Output ax i s  i s  located t o  an accuracy of 60 a r c  seconds by non- 
ad jus tab le  in t e r f aces .  Because of the b u i l t - i n  accuracy required,  and the 
l a rge  number of p a r t s  whose loca t ions  a r e  a f fec ted  by machining to le rances ,  
these  to le rances  must be held within l i m i t s  that are p resen t ly  a t  t h e  limit 
of t h e  s t a t e -o f - the -a r t .  
t h e  angular e r r o r  a t  any l eve l  i n  t h e  clamp assembly i s  t h e  a r i t hme t r i ca l  
average of t he  angular e r rors  introduced by each of t h e  th ree  in t e r f aces  a t  
t h a t  l eve l ,  
An advantage of t he  loca t ion  method employed i s  that 
Fixed Clamp In t e r f ace .  - - OA o r i e n t a t i o n  of t h e  f ixed  clamp i s  provided 
by contact  between th ree  r a d i a l  faces  on the  guide r i n g  (6) and th ree  loca t ing  
p ins  pressed i n t o  t h e  top sur face  of t h e  IMU block. 
obtained is determinant without being redundant. 
p ressure  from the  spr ing  c l i p s  (7) which allow l imi ted  r a d i a l  motion of t he  
guide r i n g  (6) r e l a t i v e  t o  p ins  (9).  The spr ing  fo rce  exerted by these  c l i p s  
must be g rea t  enough t o  prevent separa t ion  under a 50g s i d e  shock load. 
s e t  screw tensioning method was chosen t o  allow t h e  spr ing  t o  be brought t o  
maximum tension without overs t ress ing  it .  
s u f f i c i e n t  t o  prevent separat ion of t h e  OA contac ts  under 50g s i d e  shock load. 
This i s  a t t a ined  a t  a maximum spr ing  stress of 80,OOOPSi. 
contact  between t h e  dowel p ins  and t h e  OA alignment lugs,  a high s t r e s s  e x i s t s  
a t  t he  contact  l i n e .  
5Og shock condi t ion tending t o  compress the  contac t  i n t e r f ace .  
The 3 poin t  contact  
Contact i s  maintained by 
The 
Spring pressure  of 90 l b .  each i s  
Because of t h e  l i n e  
Hertz ana lys i s  gives  a s t r e s s  of 180,000 P s i  during a 
Remaining Clamp In te r faces .  - - The guide r i n g  ( 6 ) ,  which i s  located by 
the  p ins  i n  the  I M U  block, contains th ree  r a d i a l  s l o t s  i n  which t h e  I A  ad- 
justment wedges (3) and the  spher ica l  gage blocks (4) s l i d e .  The wedges 
p lay  no p a r t  i n  loca t ing  the  OA, but  t h e  spher ica l  gage blocks, whose f l a t t e n e d  
s ides  f i t  c lose ly  i n  the  r a d i a l  s l o t s ,  l oca t e  t h e  sensor ' s  spher ica l  s e a t s .  
The OA e r r o r  budget i s  s p l i t  between t h e  following: 
l).. IEW block face  t o  dowel p in  centers  
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2) Douel p i n  daimeters 
3) Guide r i n g  lug faces t o  guide r i n g  s l o t  
4) Guide r i n g  s l o t s  t o  b a l l  cen ters  
5) Socket cen ters  t o  sensor mirror  
Tolerances of .0001 (about 1 0  arc seconds) must be held throughout this 
system. 
ALIGNMENT MIRRORS 
Mirror su r faces  ( r e f l e c t i v e  2 r m s  f i n i s h )  are provided i n  six loca t ions  
t o  determine sensor t o  IMU alignment and t o  i s o l a t e  misalignments. 
Input Axis mirrors .  - - The 1) top  sur face  of the IMU block 2) top  surface 
of t h e  f ixed  clamp r ing ,  and 3) top su r face  of t h e  sensor a r e  input  ax i s  mirrors .  
Output Axis mirrors .  - - The output axis  mirrors  are 1) one s i d e  of t h e  
IMU block 2) a pol ished f l a t  on the  guide r ing ,  and 3) one s i d e  of t he  sensor 
block. 
HEATING SYSTEM 
Simulation of  a v a r i e t y  of symmetrical and asymetrical  thermal grad ien ts  
is  made poss ib le  by inc lus ion  of t h r e e  hea te r s  s ized  t o  provide s teady s t a t e  
thermal grad ien ts  of 1°F per  inch. 
t h e  IMU block, one below each sensor support  s tack,  and may be used s i n g l y  o r  i n  
combination t o  provide heat  flow t o  t h e  sensor.  
es tab l i shed  by use of t he  c e n t r a l  sensor hea te r  and.one o r  two p r in t ed -c i r cu i t  
h e a t e r s  glued to t h e  unpolished s ides  of t h e  sensor.  
i n  9 loca t ions  i n  t h e  support  s tacks  t o  measure t h e  thermal grad ien ts  es tab l i shed .  
Three ca r t r idge  h e a t e r s  are imbedded i n  
Reverse hea t  flow can be  
Thermocouples are provided 
CONCLUSIONS AND RECOMMENDATIONS 
The sensor clamp described i n  t h i s  r epor t  has been completely designed 
and s u f f i c i e n t l y  analyzed t o  assure  a high probabi f i ty  of successful  perfor-  
mance. Detailed f a b r i c a t i o n  drawings and a s p e c i f i c  and d e t a i l e d  t e s t  p lan  
have been completed. The work remaining t o  accomplish the  objec t ive  of t he  
program i s  f ab r i ca t ion  and ' tes t ing  of a clamp assembly. Completion of t h i s  
work would add t o  present  knowledge about t h e  s ta te -of - the-ar t  of p rec i s ion  
sensor  clamping. 
I t  i s  recommended t h a t  t h e  program be completed by f a b r i c a t i n g  and t e s t i n g  
t h e  clamp assembly t o  determine i t s  performance c h a r a c t e r i s t i c s  and p r a c t i -  
c a l i t y  f o r  f i e l d  use.  
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Appendix A 
SPECIFICATIONS 
The following items served as design goals  f o r  t h e  t e s t  prototypes and 
provided guidelLnes f o r  t h e  t e s t  procedures which were subsequently recommended. 
_. 
1. Alignment Accuracy of 1 . A  6 0 . A  
The goal w i l l  be t o  loca t e  t h e  I. A. wi thin a cone with 
a half-angle  of 3.0 sec about a spec i f i ed  nominal ax i s .  
The O.A. s h a l l  be located within a cone having a half-angle  
of 60 sec about a spec i f ied  nominal axis .  
2, Prealignment 
I . A .  and 0 . A  prealignment capab i l i t y  conforming t o  1. above 
with I . A .  pos i t i on  adjustment r e so lu t ion  of 1 sec. 
3. Repeatab i l i ty  
Prealigned clamp assemblies must be in se r t ed ,  clamped, t e s t e d  
f o r  alignment, and removed 4 times within a per iod of 1 2  hours 
on the  same I . M . U .  prototype. 
4. Acceleration 
(a )  Shock 50 g ' s  f o r  10 msec 
(b) Steady Centr i fugal  15 g ' s  f o r  15 s e c  
(c) Steady Centr i fugal  3 g ' s  f o r  24 h r s .  
The goal w i l l  be t o  maintain alignment a f t e r  condi t ion (a) 
-and during (b) and (c). Tes ts  w i l l  be confined t o  measure- 
ments following t h e  acce lera t ion  condi t ions.  
5. Vibration 
The assembly w i l l  be designed t o  withstand t h e  following 
v ib ra t ion  condi t ions while providing alignment. 
will be  checked following each t e s t  condition. 
Alignment 
(.a) Sinusoidal 0.5 i n  5-17 CPS 
7.0 g 17-22 CPS 
5.0 g 22-400 CPS 
7.5 g 400-3000 CPS 
( b) 
6. 
7. 
8 .  
9 .  
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Random 20-400 CPS 2 0.05 g / cps 
400-2000 CPS 2 0.12 g / cps 
Acoustic Exci ta t ion 
The assembly w i l l  be  designed 
t h e  presence of  t h e  following 
Frequency, cps 
Overall  
37.5- 75 
75-150 
150-300 
300-600 
600- 1200 
1200- 2400 
2400-4800 
4800-9600 
Thermal Conditions 
t o  provide alignment i n  
acous t ic  exc i t a t ion :  
Sound Pressure Level, 
2 - d . b .  r e  ,0002 dynes/cm 
154 
128 
1 3 2  
146 
146 
147 
148 
148 
148 
The assembly s h a l l  be designed t o  provide alignment under 
t h e  following thermal conditions:  
(a) Ambient temperature cycl ing between 40°F and 180°F 
(b) With temperature grad ien ts  i n  c r i t i c a l  elements o f  t h e  
assemblg o f  1°F/inch f o r  sho r t  per iods (e.g. 10 sec)  
and 1/4 F/inch f o r  long per iods.  
In se r t ion  and Removal 
The assembly s h a l l  be designed s o  t h a t  t h e  sensor  can be  
in se r t ed  o r  removed i n  a time per iod of 1 hour o r  less 
with normal d e x t e r i t y  with a s s i s t ance  of manually por tab le  
equipment, i f  necessary.  
Physical Charac t e r i s t i c s  
(a) The design goal f o r  t h e  weight o f  t h e  assembly w i l l  be 
t h a t  L t  not exceed 2.5 times the dummy sensor weight. 
[b) The goal f o r  volume will be that t h e  assembly not  occupy 
more than 4 times the volume of the dummy sensor.  
The above goals do not  include po r t ions  of t h e  simulated I.M.U. 
which are pecu l i a r  only t o  t h e  t es t  system. 
..... 
10. Pressure 
The assembly s h a l l  be designed t o  maintain alignment i n  an 
environment .where t h e  amdient pressure  i s  low5 Tor. 
As a r e s u l t  of ana lys i s  performed during Phase I of  this p ro jec t ,  
(Reference: 
"Development of optimal Clamp Combinations f o r  S trapdown 1.neTtial 
Measuring Uni t s  w i t h  F i e l d  Replaceable Sensors" prepared under 
NAS 12-591) addi t iona l  design goals were determined from t h e  
spec i f i ca t ions .  These a r e  as follows: 
Howland, J.S.; Goldstein, S.R.; and DerMarderosian, D. 
1. S t r e s ses  i n  a l l  p a r t s  a f f e c t i n g  alignment of t h e  input  
ax i s  should be l imi ted  t o  one h a l f  t h e  micro-yeild s t r e s s  
(20,000 p s i  f o r  s t a i n l e s s  steel chosen fo r  most components) 
i n  order  t o  prevent creep, o r  long-term i n s t a b i l i t y .  
2. S t i f f n e s s  o f  a l l  p a r t s  of t h e  clamp should be s u f f i c i e n t  
t o  prevent resonant frequencies below 6 khz, o r  twice t h e  
t e s t  v ib ra t ion  frequency. 
3. Finish of  a l l  sur faces  a t  which motion occurs during I A  
adjustment should be smooth enough t o  prevent excessive 
s t i c k - s l i p  f r i c t i o n  which would l i m i t  r eso lu t ion .  
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Appendix B 
TEST PLAN 
Introduct ion 
The purpose of t he  t e s t  program i s  t o  measure t h e  angular misalignment 
of t h e  sensor and clamp sur faces  r e l a t i v e  t o  the  IMU block. In  addi t ion  
t o  an i n i t i a l  alignment check, t h e  e f f e c t  of ex terna l  disturbances (such 
as hea t ,  v ib ra t ion ,  etc.)  must a l s o  be observed experimentally. The 
design o f  t h e  clamp w i l l  be judged on t h e  a b i l i t y  of t h e  t e s t  u n i t  t o  
e s t a b l i s h  and maintain t h e  alignment of t h e  I A  and OA within the  allowable 
e r r o r  band. The allowable misalignment and t h e  environmental dis turbances 
under which t h e  clamps must maintain alignment is  given i n  Appendix A. 
Spec i f i ca l ly ,  t h e  t e s t  plan cons i s t s  of a series of tests which 
measure - under d i f f e r e n t  conditions - t h e  following four  angles.  
The angle between the  mirrored sur faces  on top of t h e  
IMLJ block and the  i n t e r f a c e  piece (Figure B-1) .  This 
determines the  I . A .  misalignment (magnitude and d i r ec t ion )  
due t o  t h e  f ixed  clamp. 
The angle between the  mirrored sur faces  of  i n t e r f a c e  p iece  
and the  top  of t h e  sensor.  
misalignment due t o  t h e  ad jus tab le  clamp. 
The angle ( in  the  hor izonta l  plane) between t h e  mirrored 
sur faces  on t h e  s ide  of t h e  IMU block and t h e  i n t e r f a c e  
p i ece  (Figure B - 1 ) .  This determines t h e  O.A.  misalignment 
due t o  t h e  f ixed  clamp. 
This determines t h e  I . A .  
The angle ( in  t h e  hor izonta l  plane) between t h e  mirrored 
sur faces  of t h e  i n t e r f a c e  p iece  and t h e  s i d e  of t h e  sensor.  
This determines the  O.A.  misalignment due t o  the  ad jus tab le  
clamp. 
From these  measurements, t h e  t o t a l  sensor misalignment (angle 
between t h e  sensor axes and IMU block) can be e a s i l y  found by vec to r i a l  
addi t ion  of t h e  appropriate  angles.  
t e s t s  i s  t o  study t h e  behavior o f  t h e  f ixed  and ad jus tab le  clamps 
ind iv idua l ly  and determine the  c a p a b i l i t i e s  and l imi t a t ions  of each, t h e  
t o t a l  sensor misalignment need not  .be ca lcu la ted ,  except f o r  an est imate  
of t he  t o t a l  e r ro r .  
However, s ince  the  purpose of t he  
Since t h e  angular misalignment will be extremely small ( typ ica l ly ,  
a few a r c  secs  f o r  t he  I .A.),  t h e  I . A .  measurement accuracy w i l l  have t o  
be on t h e  order  of 0 .1  a r c  sec.  O.A. measurements should be accurate  
t o  within an a r c  second. These accuracy requirements can e a s i l y  be met 
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Figure B - 1 .  Basic Pa r t s  o f  Te.st Unit 
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by col l imat ion.  Reflect ing sur faces  a r e  provided f o r  t h i s  purpose o n  t h e  
IMU block, i n t e r f a c e  piece and sensor by which t h e  appropriate  angles can 
be determined. The measurement of t h e  angle between any p a i r  of  r e f l e c t o r s  
i s  performed by simultaneous s ight ing  (aperture  sharing) with t h e  auto- 
col l imator .  
In  addi t ion  t o  t h e  accuracy requirements spec i f i ed  above, t h e  auto- 
col l imator  chosen must a l s o  have a s u f f i c i e n t l y  l a rge  aper ture  t o  permit 
t h e  s igh t ing  of both r e f l e c t o r s .  
f o r  each tes t  a r e  s e t  down i n  t h e  following sec t ions* .  
The measuring instrument requirements 
A view of t h e  t e s t  prototype as  seen from above i s  shown i n  Figure B-2a. 
The I . A .  r e f l e c t i n g  sur faces  of t h e  IMU block, i n t e r f a c e  p iece  and sensor 
a r e  ind ica ted .  
beam should be made inc ident  on t h e  u n i t ,  i n  order  t o  measure t h e  I . A .  
misalignment. In  P o s i t i o n ’ l a ,  t h e  beam i s  made inc ident  on t h e  IMU block 
and i n t e r f a c e  p iece  r e f l e c t i n g  sur faces ,  thus measuring t h e  angular e r r o r  
of t h e  f ixed clamp. 
i n t e r f a c e  p iece  and sensor r e f l e c t o r s ,  thereby measuring t h e  angular e r r o r  
of t h e  ad jus tab le  clamp. In  some cases (e.g. pre-alignment) it w i l l  be 
des i r ab le  t o  measure d i r e c t l y  t h e  t o t a l  misalignment of t h e  sensor I . A .  
r a t h e r  than obta in  i t  by (vec to r i a l )  addi t ion  of t h e  f ixed  and ad jus tab le  
clamp misalignment. For such a measurement, t h e  beam must be or ien ted  as 
shown i n  Pos i t ion  3a. 
Also shown a r e  the  pos i t ions  i n  which t h e  autocol l imator  
In Pos i t ion  2a, t he  beam i s  made inc ident  on the  
The O.A.  r e f l e c t i n g  sur faces  a r e  shown i n  Figure B-2b. 
O.A. measurements can be made by o r i en t ing  the  autocol l imator  beam i n  
Pos i t ions  l b  and 2b. The former gives  the  O.A. e r r o r  due t o  the  f ixed  
clamp while t h e  l a t t e r  gives  the  e r r o r  due t o  the  ad jus tab le  clamp. 
Because of t h e  c lose  spacing of t h e  th ree  O.A.  r e f l e c t o r s ,  it may be 
necessary t o  mask one of them i f  it i s  found t o  i n t e r f e r e  with t h e  
measurements taken while s igh t ing  t h e  o the r  two. 
The required 
The t e s t  plan has been drawn up i n  conformity with t h e  guidel ines  
given i n  Appendix A. 
t h e  l e s s  severe ones f irst ,  so  t h a t ,  if t h e  u n i t  i s  damaged acc iden ta l ly  
i n  t h e  la ter  s tages  of t e s t i n g ,  t h e  e a r l i e r  da t a  w i l l  be ava i l ab le  t o  
help i n  t h e  design of an improved assembly. 
In  conducting t h e  t e s t s ,  it i s  des i r ab le  t o  perform 
The t e s t s  t h a t  a r e  needed t o  evaluate  t h e  alignment c a p a b i l i t y  of 
t h e  u n i t  under d i f f e r e n t  environmental conditions are given i n  Table B - 1 .  
The a r e  l i s t e d  i n  the  order  i n  which they should be performed. 
Deta i l s  of t h e  t e s t s ,  descr ibing t h e  procedure and t h e  equipment 
requi red ,  are presented i n  the  sec t ion  t h a t  follows. 
*For reasons of economy and convenience, wherever poss ib le ,  t h e  t e s t s  
were designed around instruments t h a t  were ava i l ab le  a t  NASA-ERC. 
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Posi t ion  of 
Autocollimator Beam 
T h i s  Ref lec t ing  
Surface t o  be covered 
i n  Pos i t ion  3a 
Pos i t ion  2a 
(Ad j u s  t ab 1 e C 1 amp M i  s a 1 i gnment ) 
Posi t ion  3a 
(Sensor 
Misalignment) 
O.A.  - 
' \  
Ref S nsor l e c t o r  i 
Posi t ion  l a  
(F i'xed C 1 amp M i  s a  1 i gnmen t ) 
Piece 
Ref l e c t o r  
I MU 
Ref lec tor  
Figure B-2a. Top View o f  Assembly showing I . A .  Ref lec tors  
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I . A .  
Figure B-2b. Side View of Assembly showing O . A .  reflectors 
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Test Description 
1. Pre-Alignment 
la I.A. Alignment 
lb O.A. Alignment 
2 .  Repeatability 
- 
3. Thermal Loading 
3a Temperature Cycling 
3b Steady Temperature Gradients 
3c Unsteady Temperature Gradients 
3d Heating in Vacuum 
4. Repeatability and Stability 
I 15.: Acceleration 
6. Acoustic Excitation 
6a Single Tone 
6b Random 
7. Vibration 
7a Sinusoidal 
7b Random 
Total number of tests 
40. of 
'ests 
1 
1 
2 
- 
1 
2 
4 
4 
2 
1 
- 
-12 - 
2 
1 
1 
2 
- 
2 
2 
4 
- 
~ 
3 
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Remarks 
Alignment check and 
Deflection under 2g load 
1 clamping cycle 
Steady Gradients 
4 clamping cycles 
over 12 hours 
Along two orthogonal axes 
Along two orthogonal axes 
Along three orthogonal axes 
Table B-1 .  Test Plan 
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Test  Details 
Test  1: Pre-alignment 
When the t e s t  prototype i s  assembled i n i t i a l l y ,  it w i l l  be out  
of adjustment. Before proceeding t o  t h e  environmental t e s t i n g ,  it i s  
necessary t o  a l i g n  t h e  u n i t .  Alignment of t h e  I . A .  i s  c a r r i e d  out  by 
means of t h r e e  adjustment screws. These adjustment screws shown schematic- 
a l l y  i n  Figure B - 3  - form t h e  t h r e e  legs  of an e q u i l a t e r a l  tripcjd support .  
Rotation of any one screw causes t h e  sensor I . A .  t o  move i n  a plane normal 
t o  t h e  opposi te  s i d e  o f  t h e  t r i pod  support po in t s .  
Output ax i s  alignment i s  es tab l i shed  by means of r i g i d  s tops ,  
hence O . A .  pre-alignment i s  automatic, and no adjustment i s  requi red .  
The pre-alignment procedure thus cons i s t s  of 
(a) Aligning t h e  sensor  I .A.  along t h e  IMU block reference.  
(b) 
These tes ts  a r e  described i n  t h e  fol lowing sec t ions .  
Checking t h e  alignment of t h e  O . A .  
Test  l a :  Input Axis Pre-alignment 
Instrumentation: One Autocollimator 
Two Axis, v i sua l  readout 
Range: 1 arc min. 
Accuracy: 0 .1  arc sec. 
Aperture: 2 1 /2  i n .  d i a .  
(Davidson Optronics Model D-656) 
Tes t  Equipment: Clamp Assembly 
Surface Plate  
Procedure: The u n i t  is placed on t h e  sur face  p l a t e  with 
t h e  O.A.  v e r t i c a l  (Figure B-4). The autocol l imator  i s  a l s o  placed on t h e  
p l a t e ,  about 3 '  t o  5 '  away f r o m  t h e  u n i t ,  with t h e  o p t i c a l  a x i s  along 
t h e  sensor  I . A .  The beam i s  made inc ident  on t h e  u n i t  as s,hown i n  
Pos i t ion  3a, Figure B-2a. 
The i n i t i a l  I . A .  e r r o r  i s  then determined by simultaneous 
s igh t ing  of t h e  two r e f l e c t i n g  sur faces .  
have a component both i n  t h e  hor izonta l  and v e r t i c a l  planes.  F i r s t l y ,  
t h e  e r r o r  i n  t h e  hor izonta l  plane i s  removed by turn ing  t h e  adjustment 
screw (2) o r  ( 3 ) .  Then t h e  e r r o r  i n  t h e  v e r t i c a l  plane i s  removed by 
turn ing  adjustment screw ( l )* .  A s  with any physical  u n i t ,  t h e r e  i s  l i k e l y  
t h e  process can be repeated and t h e  r e s u l t a n t  e r r o r  w i l l  converge t o  zero. 
In  general ,  t h i s  e r r o r  w i l l  
*If, due t o  t h i s  adjustment,  an e r r o r  i n  t h e  hor izonta l  plane reappears,  
22 
c 
' 
i 
.. 
ad j u s  tment 
t o  move as 
Figure B - 3 .  Schematic Diagram o f  Adjustable Clamp 
screw (iJ 
shown 
23 
t 
w 
.r( 
w 
.rl x 
d 
x 
X 
d 
4 
U 
a, 
k 
3 a 
a, 
0 
a E 
i 
m 
m 
24 
t o  be some small angular e r r o r  (due t o  c learance,  f r i c t i o n ,  e tc . )  which 
cannot be removed. This e r r o r  must be recorded. 
I n  t h i s  t e s t ,  t h e  weight of t h e  assembly causes a l g  t ransverse  load 
t o  act on t h e  clamps. If t h e  sensor operates  with t h e  I . A .  v e r t i c a l ,  o r  
i n  a zero g environment, t h e  alignment may be a f fec ted .  
due t o  g rav i ty  must now be determined, and an appropriate  co r rec t ion  made. 
This  can be ca r r i ed  out  by r o t a t i n g  t h e  u n i t  180 degrees about t h e  
hor izonta l  a x i s  (so t h a t  t h e  O . A .  i s  inver ted)  and measuring t h e  I . A .  
error as before .  Since t h e  d i r ec t ion  o f  g rav i ty  ( r e l a t i v e  t o  t h e  u n i t )  has 
been reversed,  t h e  angular change represents  t h e  de f l ec t ion  under a 2g 
load." With t h e  u n i t  i n  t h i s  pos i t i on ,  adjustment screw (1) can be  r o t a t e d  
t o  remove h a l f  t h i s  e r r o r .  The sensor  I . A .  has  now been al igned,  and 
t ransverse  loading effects  have been compensated f o r .  
The de f l ec t ion  
As a check of t h e  above measurements, and t o  determine t h e  alignment 
of t h e  ind iv idua l  clamping u n i t s  ( f ixed and ad jus t ab le ) ,  it i s  now 
necessary t o  measure t h e  angular alignment of  t h e  f ixed  and ad jus tab le  
clamps ind iv idua l ly .  
above. 
The appropr ia te  r e f l e c t o r s  are then s ighted  and t h e  angular misalignment 
measured (Posi t ion l a  f o r  f ixed  clamp and Pos i t ion  2a f o r  ad jus tab le  
clamp). The uni t  i s  r o t a t e d  through 180 degrees and t h e  measurements 
repeated. 
clamps can be found. 
The procedure i s  very s imilar  t o  t h a t  described 
The u n i t  and autocol l imator  are posi t ioned as before  (Figure B-4). 
I n  t h i s  way, t h e  mean angular e r r o r  of t h e  f ixed  and ad jus t ab le  
Since readings with a standard autocol l imator  are genera l ly  taken 
The x and y axes 
along two.orthogona1 axes, it i s  convenient t o  def ine  a s e t  of coordinate  
d i r ec t ions  t o  f a c i l i t a t e  i n t e r p r e t a t i o n  of t h e  da ta .  
along which t h e  angular measurements should be  taken are shown in .F igu res  
B-3 and B-4. 
i t s  x and y components, and from these ,  t h e  magnitude and d i r e c t i o n  of t h e  
error  can be found. 
Thus each angular measurement w i l l  be recorded i n  terms o f  
Results:  The following r e s u l t s  will be obtained from t h e  
above t e s t :  
(i) Adjustable Clamp 
(a) Resolution 
(b) Angular Deflect ion under 2g t r ansve r se  load 
(ii) Fixed Clamp 
(a) Alignment e r r o r  
(b) Angular Deflect ion under 2g t r ansve r se  load 
*Assuming t h a t  the force-def lec t ion  character is t ic  i s  l i n e a r  f o r  the 
small de f l ec t ions  t h a t  a re  under considerat ion.  
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In  add i t ion  t o  the above r e s u l t s ,  the def lec t ion  measurements w i l l  be  
extrapolated t o  give t h e  de f l ec t ion  of the f ixed  and ad jus tab le  clamps 
under a 3g load. 
i n  Table B-2. 
Tes t  l b :  Output Axis Alignment’Check 
The readings taken during this tes t  should be recorded 
The d a t a  can then be reduced t o  give the  required r e s u l t s .  
. .  
Instrumentation: One Comparative Autocollimator 
Single  Axis, v i sua l  readout 
Range: 2 a r c  min. 
Accuracy: 1 arc sec.  
Aperture: 2 1/2 i n .  d i a .  
(Davidson Optronics Model D-600) 
Test Equipment: . Clamp Assembly 
Surface P la t e  
The alignment of t h e  O.A. must now be checked. Procedure: . 
The u n i t  i s  placed on t h e  surface p l a t e  with t h e  sensor v e r t i c a l  (Figure 
B-5). 
O.A. r e f l e c t o r s .  Since O.A. misalignment i s  measured i n  t h e  hor izonta l  
The autocol l imator  i s  placed as shown and or ien ted  t o  s i g h t  t he  
plane,  a s ingle-ax is  comparative autoco3limator i s  p a r t i c u l a r l y  w e l l  
s u i t e d  for making t h e  measurement. The pos i t i ve  d i r ec t ion  i s  defined as 
a clockwise r o t a t i o n  of t h e  ax i s  i n  ques‘tion (with respec t  t o  the  IMU 
block O.A.) ,  as shown i n  Figure B-5. 
A t  first,  t h e  autocol l imator  i s  used t o  s i g h t  t h e  IMU block and i n t e r -  
face piece r e f l e c t o r s  (Posi t ion lb ,  Figure B-2b), and from t h i s ,  t h e  f ixed  
clamp angular e r r o r  can be determined. 
r e f l e c t o r s  are s ighted (Posi t ion Zb, Figure B-2b), thereby giving t h e  
O.A. angular e r r o r  due t o  t h e  ad jus tab le  clamp. 
of t h e  sensor  with respec t  t o  the  IMU block reference can be found from 
t h e  sum of  t h e  above two readings.  
Then, t h e  i n t e r f a c e  p iece  and sensor 
The angular o r i en ta t ion  
Resul ts  : The following r e s u l t s  w i l l  be obtained : 
. (i) 
(ii) 
( i i i )  
Misalignment of sensor O . A .  
O.A. e r r o r  due t o  f ixed  clamp. 
O.A. e r r o r  due t o  ad jus tab le  clamp. 
The readings of t h i s  tes t  can a l s o  be 
recorded i n  Table B-2. 
The bas i c  measurement process described above w i l l  be repeated i n  
many of t h e  remaining t e s t s .  The I . A .  e r r o r  i s  measured twice (with 
g rav i ty  ac t ing  i n  opposi te  d i r ec t ions  r e l a t i v e  t o  t h e  u n i t )  f o r  t h e  f ixed  
and ad jus t ab le  clamps ind iv idua l ly .  The t r u e  misalignment i s  then given 
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by t h e  mean of t h e  two measurements. 
sensor v e r t i c a l .  
can then be determined separa te ly .  
The O.A.  e r r o r  i s  measured with t h e  
The misalignment due t o  the f ixed  and ad jus tab le  clamps 
A t  t h e  beginning of every test, it w i l l  be necessary t o  r ea l ign  t h e  
sensor I . A ?  (as described i n  Test  l a ) ,  p a r t i c u l a r l y  i f ,  as a r e s u l t  of 
t h e  previous t e s t s ,  t h e  t o t a l  I . A .  e r r o r  exceeds 3 a r c  secs .  
Test  2: Repea tab i l i ty  
Instrumentation: Same as Test 1 
T e s t  Equipment: Same as Tes t  1 
Procedure: The func t ion  of the clamp i s  t o  allow the  
sensor t o  be replaced i n  the  f i e l d  without need f o r  alignment. 
t h e  alignment of t h e  clamp surfaces  a f t e r  a number of clamping cycles  
must be measured. 
cycle  i s  undertaken. Later ,  a more severe r e p e a t a b i l i t y  (and short-term 
s t a b i l i t y )  t es t  w i l l  be described. 
Therefore, 
I n i t i a l l y ,  a simple r e p e a t a b i l i t y  test  of one clamping 
Since clamping and unclamping occurs a t  t h e  f ixed clamp in t e r f ace ,  
it i s  only necessary t o  measure the  alignment of the f ixed  clamp. 
angular alignment of t h e  f ixed clamp i s  determined by measuring the angle 
between t h e  IMU block and i n t e r f a c e  p iece  r e f l e c t o r s .  
measurements must be made - one f o r  t he  I . A .  (Figure B-4) and one f o r  t h e  
The 
Two s e t s  of  
The measurement procedure i s  described i n  Test  1. . O.A. (Figure B - 5 ) .  
The assembly i s  now unclamped and then clamped back on again.  
The measurement process i s  repeated. From these  readings,  t h e  angular 
e r r o r  introduced due t o  the  clamping cycle  can be found. 
Resul ts  : The following r e s u l t s  w i l l  be obtained: 
Fixed Clamp: 
. (i) Change i n  I . A .  alignment a f t e r  clamping 
( i i )  Change i n  O.A. alignment a f t e r  clamping 
cycle .  
cycle.  
The readings taken during t h e  t e s t  can be entered i n  Table B-3. 
Test  3: Thermal Loading: 
t h e  clamps w i l l  be subjected t o  var ious types of hea t  loads. 
a r i s e  from hea t  generation within the  sensor and hea t  d i s s ipa t ion  from 
neighboring u n i t s .  
operate  e f f i c i e n t l y  i n  a constant  temperature environment (general ly  
150 degrees F) ,  nevertheless ,  malfunction of t h e  temperature control  
system w i l l  lead t o  a change i n  the  ambient temperature. Thus, i n  addi t ion  
t o  thermal gradients ,  temperature cycl ing t e s t s  w i l l  a l so  have t o  be 
performed . 
When the  i n e r t i a l  sensing. u n i t  i s  i n  operation, 
These w i l l  
Although t h e  sensor and IMU block a r e  designed t o  
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Temperature grad ien ts  a r e  es tab l i shed  by means of ( e l e c t r i c a l )  heat ing 
elements placed within t h e  LMU block and sensor.  There are t h r e e  ca r t r idge  
hea te r s  within t h e  IMU block and one within the sensor.  The hea te r s  can 
be combined t o  provide symmetrical* as well  as asymmetrical hea t  inputs .  
Their l oca t ions  are shown i n  Figure B-6. 
Temperature grad ien ts  w i l l  be estimated by means of temperature 
Such d i f fe rences  measured a t  s p e c i f i c  po in ts  on the  clamp assembly. 
measurements are made by thermocouples, po t t ed  i n t o  t h e  clamp assembly 
a t  t h e  nine loca t ions  shown i n  Figure B-6. A s  can be seen, t h ree  thermo- 
couples (a, b and c )  a r e  placed a t  each of t h e  t h r e e  support loca t ions  
(1, 2 and 3) of t h e  clamp assembly. The temperature change across  [a) 
and (b) gives  t h e  temperature d i f f e rence  across  t h e  f ixed  clamp in t e r f ace ,  
while t h e  d i f fe rence  between (b) and (c) gives  the  temperature d i f f e rence  
across  the  ad jus tab le  clamp in t e r f ace .  
t h e  heat  loading can be found by comparing t h e  corresponding temperatures 
a t  loca t ions  ( l ) ,  (2) and (3). 
The symnetry o r  asymmetry of  
The hea te r s  can be operated e i t h e r  symmetrically o r  asymmetrically, 
s o  as t o  produce a symmetric o r  an asymmetric temperature grad ien t .  
A symmetric temperature gradient  i s  one where the  temperatures a t  t h e  t h r e e  
support po in t s  of t he  IMU block (and sensor) a r e  equal. 
Thus denoting the  temperature a t  loca t ion  ( l a )  by T ( l a ) ,  a 
symmetrical gradient  requi res  
T(1a) = T(2a) = T(3a) 
and T(1c) = T(2c) = T(3c) 
For an asymmetric gradient ,  t h e  above e q u a l i t i e s ' d o  not  hold.  
The t e s t s  t h a t  should be performed t o  determine the  clamp behavior 
under heat  load a r e  given below: 
(1) Ambient Temperature Cycling 
(2) 
(3) -Thermal loading i n  vacuum. 
Temperature Gradients within Clamp Assembly 
Test 3a: Ambient Temperature Cycling 
Instrumentation: Same a t  Test  1 
_. . .  
"With respec t  t o  t h e  Input Axis. 
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Figure 8-6. Diagram of Test Unit showing Thermocouples 
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. . . . .  
. ' T e s t  'Equipment: T e s t  Unit 
Environmental Test  Chamber 
In t e rna l  dimensions about 
1 1 / 2 '  x 1' x l ' ,  with an observat ion 
window through which the  mirrors  can 
be  s ighted.  
Temperature: Ab i l i t y  t o  cyc le  ambient 
temperature between 0 degrees F and 
180 degrees F within a per iod of ha l f  
an hour. 
Pressure:  A b i l i t y  t o  provide normag 
(1 atm) and reduced pressure  (10- 
environment during temperature cycling. 
Tor.) 
Str ip-Chart  Recorder (10 channel) 
Procedure: The bas i c  t es t  procedure cons i s t s  of placing 
t h e  u n i t  i n  t h e  environmental chamber,and measuring t h e  alignment of t h e  
clamp axes pe r iod ica l ly  during t h e  ambient temperature cycling. Since 
the re  are fou r  angular measurements t h a t  must be made (see Test l ) ,  i t  
w i l l  be found t o  be convenient t o  perform t h e  t e s t  twice. In  t h e  first 
tes t ,  t h e  I . A .  alignment ( f ixed and ad jus tab le  clamps) can be measured, 
while i n  t h e  second t e s t ,  t h e  O.A.  alignment can be observed. 
The f i r s t  tes t  i s  conducted with t h e  sensor hor izonta l ,  and t h e  
autocol l imator  s e t  up as shown i n  Figure B-7 t o  observe t h e  appropriate  
I .A .  r e f l e c t o r s .  The ambient temperature cycl ing (0 degrees F t o  180 
degrees F,  2 cycles/hr . )  i s  begun. Since t h e  temperature w i l l  cyc le  
every 1/2 hr ,  readings of I . A .  alignment f o r  t h e  f ixed  and ad jus tab le  
clamps should be taken every 5 minutes. 
temperature within t h e  chamber, and t h e  (nine) thermocouple readings 
must be recorded continuously.  
s u i t a b l e  s t r i p - c h a r t  recorder .  
hour per iod,  i n  which time t h e  ambient temperature w i l l  have completed 
two cycles .  The readings,  however, must be continued till two successive 
measurements d i f f e r  by l e s s  than 0 .1  arc sec.  The da ta  can be entered 
i n  Table B-4a. 
In  addi t ion ,  t h e  ambient 
This can be done with t h e  help of  a 
This t e s t  should be conducted over a one 
For t h e  second t e s t ,  t he  u n i t  i s  placed i n s i d e  the  environmental 
chamber with the  sensor v e r t i c a l .  
as t o  s i g h t  t h e  appropr ia te  O.A. r e f l e c t o r s .  
ment i s  shown i n  Figure B - 8 .  Af te r  t h e  temperature cycl ing i s  begun, 
t h e  readings are taken a s  before - a t  i n t e r v a l s  of f i v e  minutes each. 
The da ta  can be entered i n  Table B-4b. 
The autocol l imator  i s  pos i t ioned  so 
A sketch of t he  arrange- 
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Table B-4a. Ambient Temperature Cycling Tes t  
(Input Axis Alignment) 
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Fixed Clamp 
AI ienment 
7.0 
75 
I 
15 
16 
1 Adjustable Clamp 
A1 ignment 
80 
85 
17 
18 
S t a r t  of Temperature 
Cyc 1 ing  
Readings of  Angular Errol 
every 5 min. during 
Temperature Cycling 
End of Temperature Cyclir 
Reading every 5 min. u n t i l  
e r r o r  v a r i a t i o n  l e s s  than  
0.1 a r c  s e c  
( A l l  r ead ings  i n  a r c  secs)  
Table B-4b. Ambient Temperature Cycling Tes t  
(Output Axis Alignment) 
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Resul ts  : The da t a  taken during the temperature cycling 
tes t  w i l l  i n d i c a t e  whether t h e r e  i s  any shift i n  the clamp axes due t o  
va r i a t ions  i n  t h e  ambient temperature. 
nonsymmetrical hea t  conduction. The da ta  w i l l  be reduced t o  give the I . A .  
and O.A. s h i f t  of t h e  clamp assembly and determine i f  the e r r o r s  a r e  
per iodic  and disappear after t h e  cycle  i s  completed o r  whether a permanent 
s h i f t  i n  alignment occurs.  
Such a shift could occur due t o  
... .. 
Test 3b: Steady Thermal Gradients 
Instrumentation: Same as Test  1 
Test'Equipment: Clamp Assembly 
Surface P l a t e  
Temperature Cont ro l le r  and Readout 
. . . . . . . . . . . . . . . . . . . . . . 
Procedure: ( i )  Small 'Gradients 
The alignment of t h e  clamp sur faces  is  
t o  be checked while t he re  i s  a temperature gradient  across  t h e  clamp 
components. The alignment of t h e  clamp sur faces  (I .A.  and O.A.)  i s  
measured i n i t i a l l y ,  as before .  Heating of t h e  u n i t  i s  then begun. After  
t h e  spec i f i ed  temperature d i f fe rences  have been es tab l i shed  (in the 
steady s t a t e ) ,  t h e  alignment i s  measured again. 
of  readings,  t he  angular e r r o r  introduced due t o  t h e  temperature grad ien ts  
w i l l  be found. A l l  t e n  thermocouple temperatures must a l s o  be recorded. 
F ina l ly ,  as an added check, t h e  alignment is  measured again a f t e r  t h e  u n i t  
has cooled down t o  room temperature. 
alignment e r r o r  f o r  symmetrical as w e l l  as asymmetrical temperature 
grad ien ts .  
temperature spec i f i ca t ions :  
From these  two s e t s  
I t  i s  des i r ab le  t o  obtain t h i s  
This can be done by performing t h r e e  t e s t s ,  with the  following 
(1) Symmetrical Heating of sensor 
T(1c)-T(1a) -N 1 /4  degrees F 
(2) Asymmetrical Heating of  sensor 
T(lc)---T(Zc) N T(lc)-T(3c) 3/4 degrees F 
Asymmetrical Heating of IMU Block 
T(1a) -T(2a) = T(1a) -T(3a) 3/4 degrees F 
(3) 
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The d a t a  taken during this t e s t  can be entered in Tahle B-Sa. 
. 
._ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
'Mod erat e Grad ieri t s 
When the u n i t  i s  subjected t o  l a r g e r  
grad ien ts  'than those  described i n  (i) above, the misalignment w i l l  become 
l a r g e r .  
r e t u r n  t o  alignment a f t e r  t h e  g rad ien t s  have been removed. 
tes t ,  t h e  procedure c o n s i s t s  of measuring the i n i t i a l  alignment, sub jec t ing  
t h e  u n i t  t o  t h e  requi red  temperature grad ien ts ,  allowing t h e  u n i t  t o  
cool t o  room temperature, and measuring t h e  alignment again.  In this 
manner, t h e  permanent e r r o r  introduced due t o  t h e  (temporary) thermal 
grad ien t  can be found by comparing t h e  i n i t i a l  and f i n a l  readings. 
n ine  thermocouple readings must a l s o  be recorded. 
In such cases,  i t  i s  d e s i r a b l e  t o  determine whether t h e  clamps 
mus i n  this 
The 
The i n i t i a l  alignment measurement can be c a r r i e d  out  as before.  
Heating of t h e  IMU block i s  then begun so as t o  e s t a b l i s h  t h e  following 
temperature d i f f e rences :  
T(la)-T(2a)= T(la)-T(3a) ~3 degrees F 
After t h e  s teady  s t a t e  i s  reached, t h e  hea t ing  must be continued t o  
maintain t h e  temperature grad ien ts  f o r  four  hours. 
allowed t o  cool down t o  room temperature and t h e  clamp alignment i s  
measured again.  
i t s  s i d e  with t h e  O.A. v e r t i c a l .  In t h i s  pos i t i on ,  t h e  sensor weight 
tends t o  increase  t h e  I.A. misalignment and thus  represents  t h e  most 
severe case of g rav i ty  loading on t h e  u n i t .  The da ta  obtained during 
t h e  tes t  can be entered i n  Table B-5b. 
The u n i t  i s  then 
While t h e  u n i t  i s  being heated, it should be placed on 
Results : ( i )  Small Gradients 
The a b i l i t y  o f  t h e  clamp t o  remain 
The d a t a  w i l l  be reduced t o  give t h e  angular e r r o r s  in- 
i n  alignment when subjected t o  small temperature grad ien ts  w i l l  be 
es tab l i shed .  
troduced i n  t h e  I.A. and O . A .  alignment under t h e  spec i f i ed  temperature 
variation'.  The r e s u l t s  will be obtained ind iv idua l ly  f o r  t h e  f ixed  and 
ad jus tab le  clamps, and w i l l  include r e s u l t s  f o r  symmetrical and 
asymmetrical g rad ien ts .  
( i i )  Moderate Gradients 
As t h e  temperature grad ien ts  
(asymmetric) increase ,  t h e  clamp misalignment will become l a rge r .  For 
such cases,  t h e  clamp alignment w i l l  be checked before  and a f t e r  t h e  
u n i t  i s  heated. 
and O.A.  following t h e  heating and cooling of t h e  u n i t  w i l l  be 
determined. 
clamps ind iv idua l ly .  
From t h e  da t a  obtained, t h e  permanent s h i f t  i n  the I . A .  
The r e s u l t s  w i l l  be - obtained f o r  t h e  f i x e d  and ad jus t ab le  
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T e s t  3c : Unsteady Thermal Gradients 
The clamping u n i t  should be t e s t e d  under s teady  as w e l l  as 
unsteady thermal conditions.  During t h e  unsteady s ta te  tests, t h e  clamp 
alignment may change r a p i d l y  and hence v i sua l  observation and recording 
w i l l  no t  be convenient. 
recorded au tomat ica l ly  ( by e l e c t r o n i c  means, €or ins tance) .  
Hence t h e  angular e r r o r  must be measured and 
A standard automatic autocollimator (photoe lec t r ic  readout) can be 
used t o  determine t h e  angular o r i e n t a t i o n  o f  a s i n g l e  mirror (with 
r e spec t  t o  t h e  instrument re ference  a x i s ) .  To determine t h e  angle 
between two mirrors,  a s h u t t e r  assembly is  requi red ,  so  as t o  d i r e c t  
t h e  autocollimator beam first onto one mirror,  and then onto t h e  second 
and so  on i n  quick succession. In  t h i s  manner, an i n t e r m i t t e n t  reading 
on both mir rors  can be obtained, and from t h i s  t h e  angle between them 
determined. I n  o rde r  t o  obta in  accura te  r e s u l t s ,  the switching frequency 
o r  sampling r a t e  must be s u b s t a n t i a l l y  higher than t h e  frequency of the 
angular v a r i a t i o n s  t o  be measured, 
(frequency of  i n t e r e s t  about 1/30 hz) ,  so  t h a t  t h e  sampling rate should 
be about once every 3 secs  o r  quicker.  
readout on an automatic autocollimator has a response time of about 1 sec ,  
so t h e  requi red  s h u t t e r i n g  rate can be once every two seconds o r  so.  
A t y p i c a l  readout during t h e  unsteady tests i s  shown i n  Figure B-9. 
The unsteady gradien ts  w i l l  las t  f o r  a period of  about 30 seconds 
Usually, t h e  pho toe lec t r i c  
Instrumentation: Autocollimator 
Two a x i s ,  pho toe lec t r i c  readout 
Range: 1 arc min 
Accuracy: 0.1 arc sec 
Aperture: 2 1 / 2  i n .  d i a .  
(Davidson Optronics Model D-707) 
Shu t t e r  Assembly 
Capable of continuous opera t ion  a t  
about 1/4 hz. 
(Davidson Optronics Model D-570) 
S t r i p  Chart Recorder (10 channel) 
Test Equipment: Clamp Assembly 
Temperature Cont ro l le r  and Readout 
Procedure: During t h e  unsteady thermal tests, t h e  u n i t  
w i l l  be heated, and then  allowed t o  cool within a period of about 30 
sec .  During t h i s  time, t h e  readings of angular e r r o r  w i l l  be recorded 
continuously. From t h e  r e s u l t s ,  t h e  e f f e c t s  of  unsteady temperature 
grad ien ts  on t h e  clamp assembly w i l l  be found. 
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The autocollimator and shutter assembly a re  positi.oned a s  show in 
Figure B-10. 
inc ident  on each of t h e  two r e f l e c t o r s  a l t e rna te ly ,  as  described previously.  
The readings can then be recorded continuously on t h e  s t r i p  cha r t  recorder.  
Wen the automatic shu t t e r ing  is begun, t h e  heam LS made 
Heating of t h e  u n i t  w i l l  be ca r r i ed  out  by means of the hea te r s  and 
t h e  temperature con t ro l l e r .  
t h e  heat ing of  t h e  sensor w i l l  be begun such that ,  i n  about 10-20 secs, 
t h e  following asymmetric temperature d i f fe rences  a r e  reached. 
When t h e  u n i t  i s  a t  room temperature, 
T(lc)-T(2c) -T(lc)-T(3c).lz: 1.5 degrees F 
The hea ters  w i l l  then be turned o f f  and t h e  u n i t  allowed t o  cool t o  room 
temperature, 
couples w i l l  be recorded continuously on t h e  s t r i p  char t  recorder .  
During t h i s  process,  t h e  temperature of t h e  t en  thermo- 
The above procedure i s  t o  be ca r r i ed  out four  times as follows: 
( i )  Sensor Horizontal ,  Fixed Clamp I . A .  Alignment 
(Figure B-2a, Pos i t ion  l a )  
(Figure B-2a, Pos i t ion  2a) 
(Figure B-2b, Posi t ion lb )  
(Figure B-2b, Posi t ion 2b) 
(ii) Sensor Horizontal ,  Adjustable Clamp I . A .  Alignment 
( i i i )  Sensor Ver t ica l ,  Fixed Clamp O.A. Alignment 
( iv)  Sensor Ver t ica l ,  Adjustable Clamp O.A. Alignment 
Results : 
change i n  alignment of  t h e  I . A .  and O.A.  of t h e  f ixed  and ad jus tab le  
clamps under an unsteady temperature gradient .  
The da ta  w i l l  be analyzed t o  give the  
T e s t  3d: Thermal Loading i n  Vacuum 
The cl5yping u n i t  must be capable of s a t i s f a c t o r y  operat ion 
i n  a vacuum of 10 Tor.  The main e f f ec t  of t h i s  vacuum w i l l  be t o  
change t h e  heat t r a n s f e r  c h a r a c t e r i s t i c s  a t  t he  var ious contact  i n t e r -  
faces. 
it is  necessary t o  conduct some of t h e  thermal tests i n  a vacuum. 
t e s t s  are given below. 
'In order  t o  determine how t h i s  change a f f e c t s  sensor alignment, 
These 
(i) Steady Thermal Gradients 
The effects of a temperature gradient  i n  vacuum on t h e  
alignment of t he  clamp surfaces  must be determined. 
i s  s imi l a r  t o  Test  3b. However, t h e  t es t  w i l l  be conducted only f o r  
symmetrical temperature gradients ,  s ince ,  from t h i s ,  t h e  va r i a t ion  i n  
contact r e s i s t ance  a t  t h e  in t e r f aces  can be conveniently s tudied.  
The t e s t  procedure 
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' Instrumentation; Same a t  T e s t  1 
.... ...... ..._... ....... . .  
. -Test Equipment: Clamp Assembly 
Environmental Chamber 
Temperature Cont ro l le r  and Readout 
The clamp is  placed in  the environmental Procedure: 
chamber with t h e  O.A. v e r t i c a l  [Figure B-8) and the i n i t i a l  alignment of 
t h e  I . A .  i s  determined. The pressure within t h e  chamber i s  then reduced 
t o  10-5 Tor. A second reading of  I.A. alignment i s  then taken. 
Heating of t h e  u n i t  i s  then begun. After  the spec i f ied  temperature 
d i f fe rences  have been es tab l i shed  ( in  t h e  steady state), the I . A .  
alignment i s  measured again. The u n i t  is  now allowed t o  cool t o  room 
temperature. The I.A. alignment i s  measured as before.  The pressure 
within t h e  chamber i s  now made equal t o  atmospheric pressure,  and a f i n a l  
measurement of I . A .  alignment i s  taken. These measurements can be 
recorded i n  Table €3-6. 
The above t e s t  should be ca r r i ed  out f o r  a symmetrical temperature 
i _ l .  -.=--j 
gradient :  
T(1a) - T (IC)= 1/4 degree F 
Results : From t h e  da ta ,  t h e  I . A .  and O.A. shif t  
under t h e  ac t ion  of a thermal gradient  i n  vacuum w i l l  be determined f o r  
t h e  f ixed  and ad jus tab le  clamps. 
o f  T e s t  3b t o  determine how t h e  reduced pressure environment a f f e c t s  t h e  
alignment capab i l i t y  of t h e  u n i t .  
Test  4: Repeatab i l i ty  and S t a b i l i t y  
These r e s u l t s  w i l l  be compared t o  those  
Instrumentation: Same as Test 1 
Test Equipment: Clamp Assembly 
Procedure: After  t h e  u n i t  i s  pre-aligned - as described 
i n  Test 1 - t h e  sensor i s  unclamped from t h e  IMU block and then clamped 
back on again.  
g rea t  care  must be taken not t o  subjec t  it t o  any shock loads, as these  
may br ing  about a s h i f t  i n  alignment, causing t h e  r e s u l t s  t o  be i n  e r r o r .  
When handling t h e  u n i t  during t h e  clamping process,  
The angular e r r o r  ( I .A .  and O.A. )  of t h e  f ixed and ad jus tab le  
clamps i s  measured as  before.  
undisturbed on t h e  sur face  p l a t e  with the  sensor hor izonta l ,  and t h e  I . A .  
and O . A .  alignment i s  measured a t  i n t e r v a l s  of f i f t e e n  minutes f o r  t h e  
f i rs t  hour and then every ha l f  hour f o r  two more hours. 
The u n i t  i s  then allowed t o  remain 
The removal 
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and i n s e r t i o n  of the sensor is then performed as before and measurements 
of the I . A .  and O.A. alignment are repeated. The above procedure i s  
c a r r i e d  ou t  fou r  times. 
.. 'Results:  
determine, 
The r e p e a t a b i l i t y  test  w i l l  he used t o  
(a) 
(b) 
The angular e r r o r  introduced over successive clamping 
cyc les .  
The s h o r t  term alignment s t a b i l i t y  of the clamp 
ass emb 1 y . 
The r e s u l t s  w i l l  be obtained f o r  t h e  f ixed  and ad jus t ab le  clamps 
ind iv idua l ly .  
i n  t h e  t a b l e  shown over leaf  (Table B-7). For the complete test ,  however, 
four such t a b l e s  w i l l  be requi red .  
The d a t a  taken during one clamping cycle can be entered 
Test 5: Steady Acceleration (15 g) 
Instrumentation: Same as Tes t  1 
Tes t  Equipment: Test Assembly 
Surface Plate  
Centriguge 
Procedure: The steady acce le ra t ion  t e s t s  w i l l  be 
conducted using a cent r i fuge .  
depend on t h e  a b i l i t y  o f  t h e  machine t o  support t h e  t e s t  assembly 
(6" x 5" x SI', 50 l b s )  and subjec t  it t o  a 15g acce le ra t ion  f o r  about 
a minute. 
Se lec t ion  of a s u i t a b l e  cen t r i fuge  w i l l  
For an acce le ra t ion  of 15g, t h e  speed of r o t a t i o n  of a cen t r i fuge  
can be found from t h e  r e l a t i o n s h i p  
N = 2 1 0 / 0  
where N'is t h e  r o t a t i o n a l  speed i n  rpm and R i s  t h e  r ad ius  of t h e  
r o t a t i n g  arm i n  f t .  
The alignment o f  t h e  f ixed  and ad jus t ab le  clamps i s  i n i t i a l l y  
determined a s  before.  
and subjected t o  an acce le ra t ion  of 15g f o r  1 minute. The u n i t  i s  
then removed, and t h e  alignment of t h e  clamp sur faces  i s  measured again. 
The change i n  alignment of t h e  I . A .  and O.A.  of t h e  f ixed  and ad jus t zb le  
clamps can thus  be determined. The 15g t e s t  should be c a r r i e d  out 
twice. F i r s t  with t h e  load a c t i n g  along t h e  I . A .  (I.A. po in t ing  r a d i a l l y  
inwards) and then with t h e  load ac t ing  along t h e  O.A. (O.A. po in t ing  
r a d i a l l y  outwards). 
The t e s t  assembly i s  a t tached  t o  t h e  cen t r i fuge  
The da ta  can be entered i n  Table B-8. 
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Resul ts  ; The observations that have heen recorded 
i n  Table B-8 vzi l l 'be  used tQ determine the I . A .  and O.A.  shift a f t e r  the 
u n i t  has been suhjected t o  a shor t  term.steady acce lera t ion  of 15g. 
The r e s u l t s  w i l l  be obtained f o r  the f ixed and ad jus t ab le  clamps ind iv idua l ly .  
The r e l a t i v e  severity of this load ac t ing  along the two p r inc ipa l  axes 
w i l l  a l so ,  be determined. 
1 . .  
Test 6: Acoustic Exci ta t ion  
Instrumentation: Same as  Test 1 
Test  Equipment: Clamp Assembly 
Surface P l a t e  
Acoustic Test  Chamber 
In t e rna l  dimensions about 1 1/2'  x 1' x 1' 
and capable of providing the .des i r ed  
acous t ic  exc i t a t ion  (Appendix A) .  
Procedure: The u n i t  i s  placed i n  the  acous t ic  test  
chamber and subjected t o  t h e  exc i t a t ion  as given i n  the  spec i f i ca t ions .  
Se lec t ion  of  t h e  acous t i c  t e s t  f a c i l i t y  w i l l  be based on t h e  u n i t  s i z e  
(approximately 6" x 5" x 5'l), frequency range and sound pressure  l e v e l s  
required.  The tes t  procedure cons i s t s  of measuring t h e  f ixed  and 
ad jus tab le  clamp alignment, subjec t ing  the  u n i t  t o  t h e  prescr ibed  
acous t i c  exc i t a t ion ,  and then measuring t h e  alignment again, thereby 
de tec t ing  any permanent angular e r r o r  caused by t h e  acous t ic  
dis turbance.  
ment i s  ca r r i ed  out  as before .  Af te r  t he  i n i t i a l  measurements, t h e  
u n i t - i s  placed i n  t h e  t es t  chamber with the  sensor v e r t i c a l .  
condi t ion i s  maintained f o r  f i v e  minutes, following which, t h e  u n i t  is 
removed and t h e  alignment measured again.  This t e s t  w i l l  be conducted 
f o r  two types of acous t ic  inputs .  
The measurement of t he  f ixed  and ad jus tab le  clamp a l ign-  
Each tes t  
(a) Single  Tone Input 
The t e s t  assembly i s  subjected t o  s i n g l e  tone acous t ic  
exc i t a t ion  a t  the  frequencies  and pressure l e v e l s  spec i f ied .  Measure- 
ments of t h e  alignment i s  made following each sound pressure  (decibel)  
l eve l .  A sample form i n  which the  readings can be  entered i s  shown i n  
Table B-9. 
(b) Random Input 
The t e s t  assembly should a l s o  be subjected t o  band- 
l imi ted  white no ise  (154 db r m s ,  37.5 - 9600 hz,  Gaussian PDF) over 
a per iod of f i v e  minutes. 
a f t e r  t he  t e s t  w i l l  i nd ica t e  the  change i n  the  alignment due t o  t h e  
acous t ic  exc i t a t ion .  
Measurements of alignment made before  and 
The readings can be recorded i n  Table B-9. 
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Resul ts  : The data ohtained during this t e s t  w i l l  be 
processed t o  give t h e  permanent angular s h i f t  of t h e  f i x e d  and ad jus tab le  
clamps a f t e r  an acous t ic  dis turbance.  
which have a s i g n i f i c a n t  e f f e c t  on sensor alignment w i l l  be i d e n t i f i e d .  
Any c r i t i c a l  frequency bands 
. . . .  . 
T e s t  7: Vibrat ion 
. .  
. .  Ins€rumentation: 
' T e s t  Equipment: 
Same as Test 1 
Clamp Assembly 
Surface Plate  
Shake Table 
Capable of v ib ra t ing  t e s t  u n i t  according 
t o  t h e  spec i f i ca t ions  (see Appendix A . )  
Test  Unit s i z e  6" x 5" x 5" .  
weight 50 l b s .  
Procedure: The v ib ra t ion  t e s t  w i l l  be conducted on 
a shake t a b l e .  
t i o n ,  and t h e  power spectrum of  t h e  random input  are given i n  Appendix 
A. The shake t a b l e  must be capable of v ib ra t ing  t h e  t e s t  u n i t  i n  accord- 
ance with these  requirements. 
The amplitudes and frequencies  of t h e  s inusoida l  vibra-  
The tes t  cons i s t s  of measuring t h e  i n i t i a l  angular e r r o r  of t h e  f ixed  
and ad jus tab le  clamps ind iv idua l ly  (both f o r  t h e  I . A .  and t h e  O.A.), 
subjec t ing  t h e  u n i t  t o  t h e  spec i f i ed  v ib ra t ion ,  and then measuring t h e  
e r r o r  again.  In t h i s  way, t he  change i n  alignment a f t e r  t h e  v ib ra t ion  
can be determined. 
Since t h e  measurements w i l l  be ca r r i ed  out  before  and a f t e r  t h e  
t es t ,  and not  during t h e  v ib ra t ion ,  t h e  measurement procedure i s  t h e  
same as described i n  Test 1. A s  before ,  t h e  u n i t  i s  placed on t h e  
surface p l a t e  and t h e  autocollimator used t o  s i g h t  t h e  appropriate  
r e f l e c t o r s  (Figures B-4 and B - 5 ) .  From these  readings,  t h e  angular 
misalignment of t h e  f ixed  and ad jus tab le  clamps can be determined. 
u n i t  is  then fastened onto t h e  shake t a b l e  and subjected t o  the  spec i f i ed  
v ib ra t ion .  
p l a t e ,  where the  angular e r r o r s  of t he  f ixed  and ad jus tab le  clamps are 
determined again.  
The 
I t  i s  removed from t h e  shake t a b l e  and placed on t h e  sur face  
(a) Sinusoidal Vibration 
For  t h e  f i rs t  s e t  of tests - those  r e l a t i n g  t o  s inusoida l  
v ib ra t ion  - t he  alignment i s  measured following each tes t  condition, 
i . e . ,  a f t e r  subjec t ing  t h e  u n i t  t o  t h e  spec i f i ed  v ib ra t ion  l eve l  over 
t h e  frequency range ind ica ted .  
fo r  f i v e  minutes. 
Each tes t  condi t ion should be maintained 
Since t h e  t e s t s  w i l l  be performed over four  v ib ra t ion  
53 
levels, four s e t s  of alignment measurements are requi red  - one a f t e r  
each  tes t  condition. 
must a l s o  be  taken a t  t h e  s t a r t  of the tes t .  
entered i n  the Table B-loa. 
In  additLon, an i n i t i a l  alignment measurement 
These readings can be 
. It  is d e s i r a b l e  t o  perform t h e  v i b r a t i o n  tests along two orthogonal 
axes of t h e  u n i t .  .The first s e r i e s  of t e s t s  should be c a r r i e d  o u t  w i t h  
t h e  d i r e c t i o n  of v i b r a t i o n  along the sensor I . A . ,  and the second s e r i e s  
along an a x i s  mutually perpendicular t o  t h e  I . A .  and O.A. 
. . . . . . . . . . . . . . 
(b) Random Vibration 
- The next s e t  of vLbration t e s t s  t o  be performed a r e  
those  where t h e  v i b r a t i o n a l  e x c i t a t i o n  i s  band-limited white no i se  
with a Gaussian p r o b a b i l i t y  dens i ty  func t ion  (PDF) and t h e  following 
power spectrum: 
2 (a) 0.05g /hz 20-400 hz 
(b) 0.12g2/hz 400-2000 hz 
Here, as before,  t h e  f ixed  and ad jus t ab le  clamp alignment i s  
measured before and a f t e r  each tes t  condition. The u n i t  i s  then  
subjected t o  each of t h e  two v i b r a t i o n  l e v e l s  over a per iod  of f i v e  
minutes, and t h e  r e s u l t i n g  misalignment due t o  this v i b r a t i o n  is found. 
F ina l ly  t h e  u n i t  i s  subjected t o  an add i t iona l  f i v e  minutes of random 
v i b r a t i o n  having a combined spectrum of (a) and (b) above. The 
readings obtained during these  tests can be entered i n  Table B-lob. 
. The above tests must be performed sepa ra t e ly  along two orthogonal 
axes of t h e  tes t  u n i t  - i n i t i a l l y  with the  v i b r a t i o n  along t h e  I . A .  
and then  with t h e  v i b r a t i o n  mutually perpendicular t o  t h e  I . A .  and O.A. 
Results : The functioning of t h e  f ixed  and ad jus t ab le  
clamps will be s tud ied  t o  determine: 
(i) The permanent change i n  I . A .  and O.A. alignment 
after being subjected t o  t h e  given v i b r a t i o n a l  load. 
( i i )  The c r i t i c a l  d i r e c t i o n  along which v i b r a t i o n a l  
e f f e c t s  cause t h e  g r e a t e s t  misalignment. 
T e s t  8: Shock Loading 
Instrumentation: Same as Test 1 
T e s t  Equipment: Test Unit 
Surface P l a t e  
Impact Testing Machine 
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Procedure: The ohject  of the shock tes t  i s  t o  ohserve 
whether t ke re  i s  any change i n  sensor alignment a f t e r  i t  has been subjected 
t o  t h e  shock load. Before the test  is performed, the i n i t i a l  alignment 
of t h e  f ixed  and ad jus t ab le  clamps is measured a s  described previously.  
The u n i t  i s  then subjected t o  the prescribed shock load on a shock 
The 
For 
t e s t i n g  machine. One form of such a machine (see Figure B-11A) cons i s t s  
bas i ca l ly  of a r i g i d  block t o  which t h e  t e s t  assembly is  at tached.  
block i s  allowed t o  f a l l  f r e e l y  over a c e r t a i n  d is tance  onto a lead 
cone which deforms, thus providing t h e  shock loading on the u n i t .  
a spec i f ied  loading, a s u i t a b l e  cone can be se lec ted  with reference t o  
the  operat ing manual o f  t h e  machine. 
saw-tooth acce lera t ion  waveform t o  t h e  sensor as  seen i n  Figure B-llb. 
Most shock t e s t  machines operate  along very s imi l a r  l i n e s  and s e l e c t i o n  
of a s u i t a b l e  f a c i l i t y  can be made based on the  u n i t  s i ze  and weight 
(611 x 5" x SI', 35 lbs)  and t h e  required shock load (50 g f s  f o r  10 msec). 
This type o f  tes t  w i l l  apply a 
A f t e r  t h e  u n i t  i s  subjected t o  t h e  shock, t h e  I . A .  and O.A. a l ign-  
ment i s  measured again and from these .and  t h e  previous measurements, 
t h e  change i n  the  alignment of t h e  f ixed  and ad jus tab le  clamps due t o  t h e  
shock load can be found. 
In order  t o  determine the  most c r i t i c a l  d i r ec t ion  of shock loading, 
t h e  t e s t  assembly should be subjected t o  t h e  shock load along th ree  
mutually perpendicular axes. Thus, t h e  f i r s t  t es t  can be performed 
with t h e  sensor v e r t i c a l ,  while t he  remaining two tests should be car r ied  
out  with t h e  sensor hor izonta l ,  as  shown i n  Figure B-12. 
Results : The da ta  from t h e  above tes t  w i l l  i nd ica t e  
the  permanent angular change i n  clamp alignment due t o  t h e  shock load. 
The r e s u l t s  w i l l  be obtained f o r  t h e  f ixed  and ad jus tab le  clamps 
ind iv idua l ly .  
misalignment w i l l  a l so  be determined. 
The d i r ec t ion  i n  which t h e  shock loading causes t h e  g rea t e s t  
A t a b l e  i s  provided overleaf  (Table B-11) which the  readings can 
be entered t o  f a c i l i t a t e  subsequent reduction of t h e  da ta .  
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Appendix C 
NEW TECHNOLOGY CLAUSE 
After a d i l i g e n t  review-of t h e  work performed under this cont rac t ,  
no new innovation, discovery, improvement o r  invention was made. 
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